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INVESTIGATIONS ON THE EFFECT OF HEAT STRESS ON TWO PHOTOSYSTEMS IN PHOTOSYNTHESIS

Chapter 1 of the thesis deals with the introduction in which review of literature, national and international scenario and objectives of the present work have been presented. Chapter 2 deals with the description of various techniques and protocols employed in the proposed work. Measurements were performed in isolated thylakoid membranes as well as on intact wheat [Triticum aestivum] leaves.  Chapter 3 deals with the effect of high temperature stress on rates of electron transport mediated by PSII and PSI. Results from polarographic measurements suggest that high temperature stress [upto 45oC] lead to decline in PSII rates and no change in PSI rates were observed. The results obtained from electron transport measurements and O2 evolution showed that the donor side of PSII has been affected and that the OEC has been damaged. Low temperature [77 K] Chl a fluorescence studies indicated that under high temperature conditions, no energy transfer took place between the two photosystems. Chapter 4 deals with the individual effect of pH on PSII and PSI activity as well as the comparative study of action of pH and high temperature on thylakoid membranes. The results lead to the conclusion that the regulation of PSII photochemistry and the inhibition of PSII caused by high temperature and low pH follow different and independent mechanisms. Chapter 5 deals with the effect of high temperature on intact wheat plants and detached leaves. The OJIP induction kinetic curve was converted into OKJIP after high temperature treatment. The appearance of an additional K step indicated that the OEC has been damaged. JIP test revealed that the ratio Fv/Fm which is a stress indicator decreased as the temperature was increased. This decrease showed that the photochemical yield of PSII has been affected. The value of Fo increased which attributed to the physical separation of PSII RC from associated pigment antennae, resulting in blocked energy transfer of the PSII traps. The decreased ratio of Fv/Fo depicts that structural changes occurred at the donor side of PSII due to high temperature stress. Recovery studies were also performed which revealed that at 40oC slight recovery was observed but at 45oC no recovery was observed and a permanent damage to PSII was observed.
Chapter 6 deals with the effect of high temperature stress on PSII heterogeneity. Two types of PSII heterogeneity i.e. Reducing side heterogeneity and Antenna size heterogeneity was studied. The reducing side heterogeneity [QB reducing and QB-non-reducing centers] was calculated using the Double hit method. In the leaves treated with high temperature the amount of QB-non-reducing centers increased while amount of QB-reducing centers decreased. It led to the conclusion that the active centers of PSII were converted into the inactive centers. In the next part of this chapter antenna size heterogeneity was studied. After high temperature treatment it was observed that the number of β centers increased on expense of α center which indicated that inactive centers have been increased. Thus, high temperature stress led to changes in PS II heterogeneity which may be one of the adaptive mechanisms to cope with high temperature stress. Chapter 7 deals with the characteristic of fluorescence transients in wheat plants grown in natural conditions on a hot summer day. In this study we measured fluorescence transients after every 2 hrs from 9 AM till 7 PM. High temperature for a short period of time (2-3 hrs) during a day is tolerated by decreasing the number of active reaction centre and by increasing the dissipation of energy. However these changes are restored largely when the stress conditions are over. Mid-day depression which results in the declined rate of photosynthesis seems to be a strategy to cope with environmental stresses and is advantageous for the survival of the plant.
	 
 Thus we have concluded that high temperature [upto 45oC] caused a decline in PSII activity but no change was observed in PSI activity. In case of detached wheat leaves high temperature caused detrimental effects which were irreversible at high temperature. High temperature also caused changes in PSII heterogeneity which is probably an adaptive mechanism through which plants survive under stress conditions. Mid-day depression which results in the declined rate of photosynthesis seems to be a strategy to cope with environmental stresses and is advantageous for the survival of the plant in case of high temperature stress in natural conditions of the plant. In dual stress, the salt treatment could not completely protect the wheat leaves from high temperature damage.

